
Theoret. ehim. Aeta (Berl.) 9, 197--198 (1967) 

Annotatio 

C o m m e n t  on  
the  Kinet i c  Energy  C o m p o n e n t s  of  LCAO-Molecular  Orbitals 

by Harold B a u m a n n  and Edgar He i lbronner  

~URRAu GELLER ~ 

Jet  Propulsion Laboratory, Pasadena, California 

Received September l i ,  i967 

I n  a recent  article by  BAVMANN and H]~ILBRONNWR [t], the  analogy be tween 
the  wave  functions for the "e lect ron- in-a-box" model  and  the  LCAO-MO counter-  
par ts  for an electron in a ~ sys tem was discussed. One of the integrals needed for 
this work  was the quan t i ty  A, Eq. (42) of  their  t ex t  

co 

A = ~ R~ e-R~ log ~ [l -- R~ - 6 ~ + 2 R~3 + 5 ~' -- R~5] ~ (l) 
1 

which was in tegra ted  numerical ly.  
I n  tables of molecular  integrals,  KOTA~I et  al. [2] define 

1 

and analyt ical ly  obta in  for the two lowest members  of  the  series 

/o(0, c,) = (2 ~)-~ {(r + log 2 c,) e-~, + [ - E ~ ( - 2  o~)] e,~} (3a) 
and 

/ o ( l ,  ~x) = (2 ~x2) -1 { (C  + log  2 ~x) ( l  + ~x) e -~' + 

§ [ - -E~( - -2  ~)] (l  -- ~) e~} (3b) 

where C = 0 .577215. . .  is Euler ' s  constant  and [ - -E~( - -2  ~)] is the s t anda rd  
no ta t ion  for the exponent ia l  integral.  

Using (3a), (3b) and  the recurrence relat ion for the ]o(m, ~)  

"]oCm, 0r = / o ( m  --  2, ~x) § ~x -~ ( m f o ( m  --  l ,  or --  (m --  2) lo(m -- 3, c~) -- Am-2(a)} 
(4) 

where 

An(a)  = -~ x ~ e -~x d x ,  (5) 
1 
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we obtain the following simple expression for the integral A of  (l) : 

A = 3 R -2 e -R  (l + R ~ R2/3).  (6) 

Subst i tut ing this expression for A into (32) and (33) of  BAu~I~N and  It~IL- 
~ON~E~,  we find* for the kinetic energy T j  associated with the orbital ~pj and 
the corresponding components  Tj~, Tay, Tj~ 

TJx = 61- ~2[ i + ZJ e-R( i + R - R2)]/(i + ZJ S) (7a) 

T j ~  = Tj~  = ~ r + ZJ  e-R( l § R)]/(l + ZJ S) (7b) 

T j  = ~ r + g j  e-R(l + R -- R2/3)]/(1 + ZJ S ) .  (7c) 

The kinetic energy corrections Tz~,x, TF,~,y, and Tz~,z associated with the overlap 
regions r r of  bonded centers has the following simple forms 

T,, ,x = ~ ~2(1 + R -- R 2) e -R , (Sa) 

T~,~,u = Tp~,z = + ~2(i + R) e -R . (8b) 

Using the analytical  forms above in (7) and (8), a recalculation of  their Tab. I and 
2 was made and no major  corrections were found as compared to their numerical 
methods  of  integration. 

* See [i] for notation and definition of all terms. 
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